It was shown that bilateral transfer of two episomes col I and RTF, carried singly in different strains of ShigeZlajexneri, could occur a t the same time. The transfer of col I occurred at a considerably higher frequency than did the transfer of RTF. Whilst the presence of col I in the acceptor organism appeared not to affect the frequency of transfer of R T F it was observed that, in some cases at least, the presence of RTF in the acceptor organism lowered the frequency of col I transfer.
INTRODUCTION
The term episome was proposed by Jacob & Wollman (1958) to designate certain genetic elements that may be present in or absent from a cell and, when present, may be either autonomous in the cytoplasm or integrated with the chromosome. According to this definition, colicinogenic factors can be designated as episomes, The subject of colicinogenic factors and colicines was reviewed by Frbdkricq (1957 Frbdkricq ( , 1963 . The colicinogenic factor has been shown to be transferred to non-colicinogenic cells by cell contact (Frkdkricq, 1954) . Resistance transfer factors (RTF), reviewed by Watanabe (1963) , were considered by Watanabe & Fukasawa (1960) to be episomes and it was shown by these authors (Watanabe & Fukasawa, 1961) that these factors could be transmitted to different genera of Enterobacteriaceae by conjugation. It was observed by Watanabe & Fukasawa (1962) that the frequency of transfer of colicinogenic factor E 1 (col E l ) was very much decreased by the presence of RTF in donor strains. Frkdkricq (1954) had shown that this colicinogenic factor could be transmitted only by R+ (male) cells of Escherichia coli. On the other hand, col I does not require F factor for its transfer (Ozeki & Howarth, 1961 ; Clowes, 1961) and Watanabe & Fukasawa (1962) found that RFT in colicinogenic donor organisms did not suppress the transfer of col I in E . coli K-12. It had been shown that RTF, like col I , did not require the presence of P factor for its transmission (Mitsuhashi et al 1960) . The fact that both col I and RFT can promote their own transfer enables an experimental system to be constructed in which crosses can be carried out completely independently of the P fertility factor episome. (Both col I and RTF are also fertility factors, as shown by their ability to promote their own transfer.) Watanabe & Fukasawa (1962) studied the interactions between RTF and col I in E. coli and found that the transfer of col I was not affected by the presence of RTF, when both episomes were present in the same cell. We wished to investigate the interactions of these same two episomes in various strains of Shigellaflexneri when the episomes were carried singly in organisms of different serotype and to measure the frequency of transfer of both episomes a t the same time.
METHODS
Organisms. The strains of Shigella flexiaeri and their biochemical reactions are shown in Table 1 . Escherichia coli K-12, CSH-2-222, received from Dr T. Watanabe, was used as a source of RTF, conferring resistance to streptomycin, chloramphenicol, tetracycline and sulphonamide. This E. coli strain was female (F-) and methionineless (met-). (The RTF had originally been derived from a strain of S . flexiaeri type 2 b.) This RTF was introduced to S . flexneri 1 a 1 and 1 a 2 by overnight growth in mixed broth culture a t 37". S.Jtexneri strains 2b, 4a and 5a carrying c o l 1 were derived from S . Jtexneri 1 a 1 which was colicinogenic (Mulczyk, unpublished). 
Media. The liquid medium was Difco heart infusion broth. Strains containing RTF were selected from mixed cultures by growth on Difco heart infusion agar containing streptomycin 250 pg./ml. (All strains growing on this concentration of Streptomycin also grew in the presence of chloramphenicol 100 pg./ml., tetracycline 100 ,ug./ml. and sulphathiazole 500 pg./ml).
Crosses. Crosses were performed in broth. Donor and acceptor strains, grown for 48 hr at 37', were mixed in a ratio of 1 : 1 (3.5 + 3.5 ml.) and incubated for 48 hr at 37". After incubation the mixed culture was diluted and 0.1 ml. portions of suitable dilutions were spread uniformly on agar (for total viable count) and on agar containing streptomycin. The plates were incubated for 48 hr at 37" and, after scoring, were replicated to streptomycin agar with velveteen pads (Lederberg & Lederberg, 1952) in order to retain colonies for serological and biochemical tests. After replication the plates were exposed to chloroform and overlayed with agar. When dry the surface of the plates was flooded with a culture of an indicator organism, Escherichia coli strain Row, which was sensitive to colicin I. The number of colonies that were colicinogenic was determined after overnight incubation at 37'. Serology. Serological agglutination tests were done on slides with type-specific sera obtained from Standards Laboratory for Serological Reagents, Central Public Health Laboratory, London. 
Calculation of frequency of transfer of episonies ( a ) For cross col-RTP+

Number of RTF-parental cells
The percentage frequency of RTF+ transfer = x/(x -y) x 100 yo.
RESULTS
The results obtained in crosses between two strains of Shigellaflexneri, one of which carried col I and the other RTF, are presented in Table 2 . It can be seen that a strain which acted as a donor of RTF also acted as an acceptor of col I and vice versa. In all of the crosses there was transfer of col I to acceptor strains with a fairly high frequency. However, in the same crosses the frequency of transfer of RTF was either very low or undetectable in the numbers tested. These results show the frequency of transfer of both coZ I and RTF to acceptors possessing only the other factor.
We also investigated crosses in which RTF was transferred to a.cceptor strains that were non-colicinogenic and streptomycin sensitive (as well as being sensitive t o chloramphenicol, tetracycline and sulphathiazole). The results of these experi-ments are shown in Table 3 . The frequency of transfer of RTF was again very low but not lower than when col I was present in the acceptor organisms.
Twenty recombinant colonies from each of the crosses described in Tables 2 and  3 were tested for serotype and biochemical properties. All had the biochemical properties typical of their serotype (given in Table 1) showing that no transfer of antigen had taken place. = number of RTF+ colonies tested for serotype. 
DISCUSSION
On the basis of our results it would appear that the presence of col I in acceptor strains of ShigellaJlexneri had no effect on RTF transfer. I n all crosses, whether the RTF acceptor strains were colicinogenic or not, the frequency of RTF transfer was always very low and in some cases was not detectable. , 4 comparison of the frequency of transfer of col I to RTF-containing acceptor strains with results obtained using a non-RTF-containing acceptor strain (Table 2) indicated that, at least in some cases, the presence of R T F in an acceptor organism decreased the frequency of col I transfer. The observed high frequency of transfer of col I into wild-type acceptor cells has been attributed (Mulczyk, unpublished) to epidemic spread of the colicinogenic factor in the acceptor population. The reason for the lower frequency of transfer when the acceptor cells contain R T F is not known; it is possible that the presence of RTF prevents epidemic spread from occurring.
I n all crosses investigated, the low frequency of transfer of RTF might indicate that epidemic spread of RTF does not occur in Shigella jlexiaeri. Watanabe (1963) quoted unpublished data which suggested that, in Escherichia coli, the low transferability of RTF could be accounted for by specific characters of the strains being used; of these characters, little or nothing was known. It is possible that the low frequency of transfer we observed in S. Jlexneri may also be accounted for by unknown characters present in the strains we used.
Amongst the recombinant strains isolated from some of the crosses involving both col I and RTF were some colonies in which the phenotypic expression of colicinogeny was suppressed when first tested on streptomycin agar. That it was genotypically present was shown by the fact that after one transfer in broth, followed by plating t o streptomycin agar, it was possible to isolate, in some cases, colicinogenic colonies. This phenomenon will be examined in greater detail later.
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